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SUMMARY

Measurementsof free-spaceoscillatingpressuresnem a staticpro-
pellerintheregionwherea wingmightbe locatedsxepresentedforthe
tipMachnuniberrangeofO.x to 1.20andtheseresultsarecompsredwith
availabletheory.Somemeasurementsarealsopresentedwhichweremade
nearthetipsintheregionwherea fuselsgemightbe locatedinorder
to extendtherangeofexistingdatafroma tipMachntier of 1.(X)
to 1.20. Inadditionto a descriptionof thefree-spacepressurefield,
measurementsaregivenforsomeofthesamefieldpointswitha wingin
place.

Theradialpressuredistributionsvaryas a functionof axialdis-
tanceandorderoftheharmonic.Themaximumpressuresoccurata greater
radialdistanceastheaxialdistanceis increasedandastheorderof
theharmonicincreases.Thepressuresgeneratedperunitpowerforthe8 lowerhsx’moniestendtodecreaseandforthehigherharmonicstendto
increasewithan increaseintipMachnumber.In theregionoutboardof

> thepropellertips,someofthehigherhermonicshavea greateramplitude
thantheloweronesat supersonictipspeeds;whereas,intheregion
inboardof thepropeXlertips,thelowerharnmnicshavethegreatest
amplitudesat alltipMachnumbersup to 1.20.

Thedirectionofrotationissignificantwithregardto themagni-
tudesofwingsurfacepressures.Pressuremagnitudeshigherthanfree-
spacevaluessremeasuredon surfaceswhichtheblsdeapproaches;whereu
valueslowerthanfree-spacevaluessremeasuredonthesurfacefromwhich
thebladerecedes.Differentialpressuresmeasuredacrossa thinwing
aregreaterthanthefree-spacevaluesat correspondingfieldpoints.

ThetheoryofNACAReport996wasfoundusefulforcalculations
inbosrdofthepropellwtipsandfortipMachnumbersup to 1.20.When
allsteadyforcesareassumedtobe concentratedata singleeffective
radius,themaximumpressureamplitudescanbe calculatedfairlyweKL
buttheradialpressuredistributionsaresomewhatdistorted.Ifmore. detailedinformationconcerningthedistributionof thesepressuresis
desired,a morecumbersomemethodof calculationwhichhasgivenexcel-
lsntresultsby useoftorqueandthrustforcesdistributedalongtheL
blademaybe used.
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INTRODUCTION

.

.

A rotatingpropellerisau titensesourceofoscillatingpressures.
At lergedistancesfromthepropeller,thesepressuresarerecognized
onlyasnoise,whereasatpointsintheimediatevicinityofthepro-
pellertheywe of suchmagnitudethattheyme alsocapableof exciting
destructivevibrationsinnearbypartsoftheairplanestructure.Such
vibrationssreexcitedattheblade-passagefrequencyofthepropeller
or at someintegralmultipleofthatfrequency.Thefatigueproblem
associatedwithvibrationsofthisnatureisa seriousonesince,with
excitationfrequenciesoftheorderof 100cyclespersecond,thestructure
maybe subjectedto a veryingstressseveralmillionsoftimesduringa
singleflight.Thefatigueofmetalputs isthusgreatlyaccelerated
andseveralinstancesofresultingfailuresofthesecondarystructure
ofwingsandfuselageshavebeenreported..Theproposeduseofpropellers
withhighertipspeedsandofmorepowerful~ngineswillintensifythis
alreadyseriousproblem.

Theworkofreference1 considersthefuselage-wallvibrationprob-
lemanddescribestheoscillating-pressurefieldintheregionwherea
fuselagemightbe located.A theoryisgivenforcalculatingthefree-
spaceoscillatingpressuresassociatedwitha rotatingpropelleratany
pointinspace,andsatisfactoryexperimentalverifications&cregivenfor
theregionoutboardofthepropellertipsinthetipMachnumberrange
up to 1.00.Therewereno attemptsintheworkofreference1 tomake
measurementsor applythetheoryintheregioninbosrdof thepropeller
tipsor fortipMachnumbersabove1.00.

Theexperimentalworkofthepresentreportwasaimedprimsrilyat
a surveyoftheoscillating-pressurefieldintheregionof a wingfora
pusher-prope~erconfigurationattipMachnumbersup to 1.20. Somedata
werealsoobtainedforthepurposeofextend@gthedataofreference1,for
theregionof thefuselage,to supersonictipMachnumbers.Chartsbased
on experimentaldatasrepresentedto enablea designerto estimatethe
maximumfree-spaceoscillatingpressuresnesr thepropellerattipMach
numbersupto 1.20.Measurementsweremadeatthesamefieldpointsboth
withandwithouta thinwinginplacetoevaluatetheeffectsofthewing.

●

c

Experimentalresultshavebeencomparedwiththetheoryofreference1
forbothsubsonicandsupersonictipMachnumbersandatvariousfield
pointsbothinbosrdandoutboardof thepropellertips.Somecalculations
madeby theassumptionof aneffective-radiusconcept,as inreference1,
arecompaedwitha moreexactcalculationwhereina radialintegration
wasperformed.
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~UATIONFORIRE&SPAC!EPRESSURES

Theequationusedforcalculatingfree-spacepressureshasbeen
derivedinreference1. Thisequation,whichgivestheabsolutevalue
oftheroot-mean-squsrepressureforanygivenharmonic,isgivenfor
convenienceasfollows:

l/22
kse)-

1 N6h(d3e+ 15Se)de

—

(1)
JI

where Se= x2+y2+R# - ~y cose,the-distance
tothedoubletsoftheeffectivepropellercircleas

fromthefieldpoint
indicatedinfig-

ure1. ThequantitiesT and Q arethethrustandtorque,respectively;
m is theorderoftheh~o~icj B isthenumberOfblades;k = lli@c,
where u Istheangulsxvelocityand c isthespeedof sound;and x
and y srecoordinatesofthefieldpoint(x,y,O).me parsmeter~

.

.
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isdefinedassmeffectivepropellerradiusandthetorqueandthrust
forcesareassumedtobe concentratedatthatstationontheblade.When* thrustandtorquesregiveninpoundsandpound-feet,respectively,and
thedistancesareinfeet,thepressureiscalculatedinpoundspersquare
foot●

APPARA!IWANDMlmEoDs

Mostofthetestingwasdonewitha 3.$12-foot-dismeterpropeller
whichincorporatedNACAL(5)(08)-03blades,shortenedsadmadesquare
atthetips.Thisistheseinepropelleraswasusedforthetestsof
reference2,anda photographof itanditsdrivesystemisshowninfig-
ure2 ofthatreport.Theremainderofthetestingwasdonewitha
3.~-foot-diameterpropellerwhichincorporatedNACAk-(3)(08)-03blades
thatwereshortenedandmadesquareatthetips. Theblade-formcurves
forthesetwopropellersaregiveninfigure2.

Thetestpropellersweredrivenby 200-horsepowerwater-cooled
vsriable-speedelectricmotors.Inorderto achievesomeof thehigher
tipspeedsofthetests,twoofthesemotorswerecoupledintandem.
Powerabsorbedby themotorswasmeasuredbymeansof a wattmeterjmotor-
efficiencychartswereusedto determinepowerabsorbedby thepropellers.

Measurementsweremadeat severalknowndistsmcesfromthepropeller
in a planeparalleltothegroundandcontainingthepropelleraxisof
rotation.Datawereobtainedforessentiallyfree-spaceconditionsadw
alsoforthecasewherea simulatedwhg surfacewasinsertedinthe
pressurefield.Inthelattercase,wingsurfacepressuresaswellas

d thedifferentialpressuresacrossthewingduetothepropellerwere
measured.Thedashedlinesoffigure3 indicatethestationsatwhich
pressuresurveysweremadeinboththe.sxialandrsdialdirections.

Thesimulatedwingforthesetestswasa 3/4-inch-thickpieceof
plywood,4 feetwideand8 feetlong,setat zeroangleofattackand
reinforcedinordertominimizetheeffectsofmechanicalvibrationson
thepressuremeasurements.Thewing-propellerconibinationwassetup
aa a pusherconfigurationwiththepropellerplaneofrotationlocated
1/4radiusbehindthewingtrailingedge. Onlyonepressure-gageloca-
tionwasused,thatbeingmidwayofthewingspanand1/4radiusfromthe
trailingedge. Provisionwasfidetomovethewingassemblyinorder
thatdataforvariousfieldpointscouldbe obtained.

Oscillatingpressuxesweredetectedbymesnsof a commercialcrystal-
typemicrophonewhichwasshockmounted.Thesensitiveelementhasa
flatresponseinthefrequencyrangeof20to 20,000cpsandisapproxi-. mately5/8inchindisneter.Distortionof thepressurefielddueto its

*
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smallsizeisconsiderednegligible.
pell.erabovethegroundandtheclose
thepropeller,thepressuresmeasured
suresunlessotherwisenoted.

NACATN3202

Becauseoftheheightofthepro-
proximityofthefieldpointsto
sreessentiallyfree-spacepres-

.

*

NACAminiatureelectricalpressuregagesformeasuringoscillating
pressure,asdescribedinreference3,wereflushmountedineachsurface
of thesimulatedwing.Theindividualgageoutputswererecordedfor
purposesof studyingthesurfacepressuresonthewing. In orderto
measurethedifferentialpressuresat a givenfieldpoint,a singlegage
wasembeddedinthewingandwasventedto thesurfacesby meansoftubes
of equallength.Thefrequencyresponsewasflatto approximately~,000cps
fortheflush-mountedgageandto approximately3,500CPSforthegage-
tubeconfiguration.Forallwingdata,usewasmadeof a filterarrange-
mentsuchthatthefrequencyresponseoftheentiresystemwasflatto
2,500Cps.

Theoutputsignalsofthemicrophonead pressure-gagesystemwere
fedintoa cathode-rayoscillographanda PanoramicSonicAnalyzerin
ordertoobtainthewave formsandfrequencyanalyses.Permanentrecords
of thesedataweremadebyphotographhgtheviewingscreensoftheoscil-
lographandanalyzer.

RESULTSANDDISCUSSION

Thetestsofreference1 haveshownthatthemagnitudesandfre-
quencyspectrumsoftheoscillatingpressuresnearthetipsofrotating ●

propellerssreIsrgelya functionofthetipMachnumberandpowercoef-
ficientofthepropellerandofthelocationofthefieldpoint.The

—

presenttestsextendthetipMachnumberrangeofthoseexperimentsto
k

i..2Oandprovidesome
wherea wingmightbe
bothwithandwithout

data‘tiboardofthepropellertipsintheregion
located.Dataforsomefieldpotitswereobtained
a winginplaceforcomparison.

FREE-SPACEPRESSURES

Discussionofthefree-spacepressuresisdividedintothreeparts.
Experimentalresultsintheformofamplitudesandfrequencyspectrums
atvariouspositionsinthepressurefield~-efirstdiscussed.These
resultsme thencompsredwithsomecalculationsby thetheoryofref-

.

erence1. Finally,somechartsbasedonexperimentalresultsme presented
sothatmaximumfree-spacepressurescanbe estimatedforregionstypical
of thoseinwhicha wingor fuselagemaybe located.

.

.
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ExperimentalResults
*

Experimentaldataforthesestudieswererecordedintwogeneral
formsas illustratedinfigures4 and5. Conventionalcathode-rayoscil-
lographpicturesoftheoverallsignal,suchasae shorn~ fee 4Zwere
usedtodeterminethepeak-to-peakvaluesofpressure.A blipinthe
lighttracecorrespondsto a propelJerbladepassage;hence,eachphoto-
graphoffigure4 showstwobladepassages.Fora propelleroperating
at a givenbladeangleandforwhichtheaerodynamicforceson theblades
aresteadywithtime,thesewaveformsrecuratthesamemagnitudeasa
functionof time.Uthoughthesewavessremarkedlynonsinusoidal,they
maybebrokendownintoFouriercomponents.Allindividualcomponents
of theoverallsignalshavea constantamplitude;hence,itwaspartic-
ularlyconvenienttoperformfrequencyanalysesby theuseof a panoramic
typeofanalyzer.Viewing-screenpresentationsofthisanalyzer,as shown
in figure~,givetheroot-mean-squarepressureamplitudeinlogarithmic
unitsontheverticalscaleas a functionof frequencyonthehorizontal
scale.Itromtheserecords,theroot-mean-squareamplitudesofthevsrious
hsz’moniesmaybe obtaineddirectly.

Peak-to-peakpressures.-Measuredvaluesofpeak-to-peakpressure
inpoundspersquarefoot,asobtainedfromrecordsofthetypeshown
in figure4, areplottedinfigure6 as a functionofradialdistance
at a givenaxialdistanceandforvmiouspropellerrotationaltipMach
numbers.Itmaybe seenthatthemagnitudesincreaserapidlyasthetip
Machnumberincreases.Relativelysmallvaluesweremeasuredforthe
lowertipMachnumbers,thegreatestincreaseoccurringasthetipMach

. numberexceededO.w. Itmayalsobe notedthatthelargestvalueswere
measuredat fieldpointsnesxthepropelJertip(y/R= 1)andinsome
casesoutboardofthetip. Pastexperiencehasshownthattheoscillating. pressuresgeneratedby a propelJ_erarecloselyrelatedtothesteady
forcesontheblades.Thus,changesinthefree-spacepressuredistribu-
tionsasnotedinfigure6sreprobablyassociatedinsomewaywithchanges
in loaddistributionsontheblades.

Harmonicanalyses.-Thepressurefieldsgeneratedby propellerssxe
knowntobe richinharmonics.Thishighharmoniccontentisbelieved
to resultfromtheimpulsetypeof forceappliedtotheairby theblade
(ref.4). Pressurewaveshavinglsrgehsrmoniccontentssremsrkedly
nonsinusoidal,suchasthoseinfigure4 whichapplyto a specificpro-
peller.Thesepressurewaveswererecordedat a locationnearthepro-
pellertipintheplaneofrotationatthreedifferenttestconditions,
inorderto iKiustratesomeofthev=iouswaveshapesencountered.
Althoughdifferencesin shapeareevident,thesewavesareofthesame
generaltypeinthatthepeakspersistforonlya smalJpartofthecycle.
Forwavesofthistype,themagnitudeof thepeak-to-peakvalueisindi-

. cativeofthefrequencycontentofthewave. Thosewitha highpeak-to-
peakvaluehavea greaterhsrmoniccontentthanthosewitha lowerpeak-
to-peskvalue..
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A quantitativeindicationofthistrendisgivenintableI where
harmonicanalysesaregivenforthethreewavesoffigure4 whichhave
progressivelylsrgerpeak-to-peakvalues.(Intheinterpretationofthe ‘_
pressurevaluesoftableI, itshouldbeboi%einmindthatthepeak-to-
peakvalueofa sinewave ~ isapproximate~2.8timesitsroot-mean-
squarevaluep.) It canbe seenthatallthreeofthesewaveshavelarge
hsrmoniccontents;however,thelargestharmoniccontentisassociated
withthewavewhichhasthelargestpeak-to-peakvalue.Itmaybe noted,
forinstance,thattheharmonicsofwaveform(a)arerelativelylowerin
smplitudethenitsfundamental,whereasseveralharmonicsofwaveform(c)
arehigherinsmplitudethanitsfundamental.It isevidentfromthe
valuesinthetablethatthepressureamplitudesofthehigherorder
hsrmonicsincreaseata muchmorerapidratethanthoseofthelower
orderasthepeak-to-peakvaluesincrease.Inthepresenttests,
waveformsofthet~e showninfigure4(c)wereencounteredmainlyat
hightipspeedsand/orat fieldpointsclosetothepropellertips.

Figure5 givesa qualitativepictureoftheexperimentallydeter-
minedfree-spacepressuresneara propellerat y/R valuesfrom0.25
to 1.75forthreedifferenttipMachnumbers.Thisfigureismadeup
fromphotographsoftheviewingscreenofthePanoramicFrequencyAnalyzer
showingdirectlythepressureamplitudesforvariousfrequencies.~th the
verticalandhorizontalscalessrelogsritbmicad thegainsettingsare
identicalforallrecordsshown.Root-mean-squsrepressureamplitudesp,
whichforconveniencewererecordedona decibelscale,canbe converted}
ifdesired,tounitsofpoundspersquarefootbymeansofthefollowing
relation:

Decibels= 20 loglo P
0.0002X4e0

AlldataatanygivenMachnumberaretiectlycomparable.Ifdatafor
differentMachnumbersme compared,itshouldbe notedthatthepower
loadingofthepropellerdifferswithtipMachnumberas showninthe
figure.

It isseenthatfortheinbosrdstationsthepressurefieldismade
up largelyofthelow-frequencycomponents;whereas,at stationsnesrthe
tipandbeyond,thehigherfrequencycomponentsarerelativelystrong.
Thislattereffectisespecialdynoticeableatthehighertipspeeds.

Someofthedataof figure5havebeenplottedinfigure7 to indi-
catethenatureoftheradialpressuredistributionforthefirst,third,
andfifthhermonicsofa two-bladepropeller.Pressuresinpoundsper
squarefootareplottedasa functionofradialdistancefora propeller
tipMachnumberof-l.lO.Fortheconditionsofthefigureitcanbe seen
thatinboardofthepropellertipthelowerc@er hsrmmicshavethe
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highervalues.Outbosrdofthetip, thehigher
highervalues.Thereisthusa trendsuchthat.

9

orderharmonicshavethe
themaxinnunpointofthe

radialpressuredistributionoccursat a pointfartheroutbo”=dforthe
higherorderharmonics.Thistrendaccountsforthewidelydifferent
spectrumsrecordedinfigure5.

Itwasfoundduringthecourseoftheteststhattheradialpres.
suredistributionvariedalsoas a functionofthesxialdistanceofthe
measurements.Dataareshowninfigure8 forthefundamentalfrequency
ofa two-bladepropelleratthreedifferentaxialdistsnces.oscillating
pressuresinpoundspersqusxefootareplottedasa functionofradial
distanceforaxialdistancesx/R of0.25,O.~, and0.75. It canbe
seenthatthereisa tendencyforthepointofmaximumpressuretomove
outboardatgreatersxialdistances.Comparisonof dataatvarioustip
MachnumbersindicatedthatMachnumberhadonlya smalleffectonthe
locationofthemaximumpressures.

Itappearsthattheshapeoftheradialpressuredistributionsas
notedinfigures7 and8 forthefirstfewharmonicsmaybe relatedto
theaxialdistanceintermsofthecorrespondingwavelength.As an
illustration,thelocationofmaximumpressureforthethirdharmonic
at an axialtistancex/R= 0.25 wouldcomeat aboutthessmeradial
stationas forthefirbtharmonicatan sxialdistancex/R= 0.75.

ComparisonofTheoryandExperiment

Theavailabletheory(eq.(1))hasbeencheckedwithexperiments
intheworkofreference1 andwasfoundtobe adequateforprediction
of thepressurefieldintheregionoutboardof thepropellertipsfor
tipMachnumbersashighas 1.00,whichwastheupperlimitofthose
tests.Intheworkofthepresentreport,somecalculationsweremade
fortheregioninboardofthetipsaswellastheoutboardregionand
theseresultssrecomparedwithexperimentfortipMachnumbersof 0.90
and1.ZY’.Mostof thecalculationsweremadeby theuseof aneffective-
radiusconcept,as intheworkofreference1,to stiplifythenmerical
work. Inaddition,oneexsmpleisgivenwherea
onthebladesisassumedanda subsequentradial
in calculatingthepressures.

Radialdistance.-Figures9 and10showthe
squarepressureas-a fmctionofradialdistance

distribu~ionof forces
integrationisperformed

calculatedrwt-mean-
forthefundamental

.

frequencyofa two-bladepropelleralongwithmeasuredvalues,forMach
numbersofO.gOand1.20,andfor x/R values“of0.25andO.~. Foreach
of theseconditions,calculationsweremadeforeffective-radiusvalues
of bothO.~and0.8. Thesevalueswerechosenbecauseinmostcasesthe
msximummeasuredvaluesforthefundamentalfrequencywereatradialsta-
tionsbetween~ percentand&)percentofthetipradius.Thetheory
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tendstopredicta maximuminthepressure-distributioncurveatthe
radialstationatwhichthesteadyaerodynamicforcesareassumedtobe
concentrated.Theshapesofthecalculatedcurvesinallcasesme some-

A

whatdifferentfromthemeasuredcurves.Inmostcases,however,the
maximumcalculatedvalues,especiallythosefor & = 0.8,“kgreefairly
wellwiththemaximummeasuredvaluesendthisagreementisapproximately
theseineforbotha subsonicanda supersonictipMachnumber.

Sincetheresultsof figures9 and30showedthattheshapesofthe
calctitedpressuredistributionsinboardofthetipsdidnotagreewell
withexperimntwhentheass~tionwas~ey as ~ equation(l)>that
thesteadyaerodynamicforcesonthebladesareconcentratedata given
effectiveradius,it-wasof interestto checktheseres~tsagafnstthose
obtainedby a calculationprocedurewherethethrustandtorqueweredis-.
tributedalongtheblade.Resultsofthesecalculationsareshownin
figure11 andarecomparedwiththemeasuredvaluesfortheconditions
of figure9(a).Torqueandthrustdistributionsassumedinmakingthese
calculationsarealsogiveninthefigure.Thenumericalworkwasdone
infourstepsby assumingproportionatetorqueandthrqstforcesacting
atthe0.3-,0.5-,0.7-,and0.9-radiusstations.It canbe seenthatthe
calculatedvaluesinfigureU agreewellwiththemeasurementsinboard
of thetips,theagreementbeingmuchbetterthanfortheresultsof fig-
ure9(a).Theseresultsarean indicationthatthebasicconceptsofthe
theoryofreference1 sxevalidbut,forcalculationsintheregioninboard
of thetips,cautionshouldbe exercisedin itsuse. It appearsthatcal-
culationsof thetypeforwhichresultsme presentedinfigureU.may
notbe justifiedinmostcasesunlessdetailedinformationisneededbecause
themsximumvaluescalculatedby equation(1)areusuallyingoodagreement - ‘~
withthemeasurements.Thisresultisfortunatesincethedesignerwill
usuallybe concernedmainlyaboutthemaximumvaluesencountered. “

Axialdistance.-FigureX2presentsthemaximumcalculatedpres-
suresofthefundamentalfrequencyasa functionofaxialdistance.It
canbe seenthatthecalculationsshowa veryrapiddropoffinpressure
astheaxialdistanceisincreased.Thistrendissubstantiatedby the
measuredmsximmvaluesatthreedistancesas showninthefigure.

Somecalculationsweremadeto comparetheoscillating-pressure
magnitudesaheadofandbehindthepropellerandtheseresultswe
presentedinfiguxe13. It canbe seenthatthecalculatedvaluesindi-
catethesameorderofpressuremagnitudeforcorrespondingpositions
aheadofandbehindthepropellerplane.Thelimitedamountofunpub-
lishedexperimentaldataavailabletendsto indicatealsothatthepres-
suresaheadof andbehindthepropellerplanesreofthessmeorderof
magnitude.
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ChartsforEstimatingl&ee-SpacePressures

Althoughthetheoryisusefulforpredictingfree-spacepressures
at fieldpointsnearthepropeller,themethodof calculationis cumber-
some. Inreference1,experimentaldata&&epresentedinchartformin
ordertoprovidethedesignerwitha meansofrapidlyestimatingpres-
suremagnitudes.Thus,fora givenpropeller,thepressurescanbe
estimatedquicklyifpowercoefficient,tipMachnumber,andtipclear-
anceareknown.Theexperimentalresultsof thepresenttestsaresum-
marizedinfigures14ad 15fromwhichmoredetailedchartsofthetype
showninfigure19ofreference1 maybe constructed.

Pastexperiencehasindicatedthatthefundmnentalblade-passage
frequencyisstructurallyofprimaryimportance.It canbe showntheo-
reticallysmdhasbeenconfirmedexperimentallythat,fora givenvalue
of theproductmB,thessmepressurewillbe generatedfordifferent
valuesof B. Thus,thedataof figures14and17,eventhoughpertaining
directlyto a two-bladepropeller,mayhe appliedtopropellerswitha
differentnumberofblades.

Pressuresintheregionofthefuselage.-Fora giventipclesrance
intheregionofthefuselsge,figure21ofreference1 givestheaverage
valuesofpressureperunitpoweras a functionof thepropellertipMach
numberforvariousvaluesof @. Thedataofthepresenttestsconfirm
thetrendsofreference1 andallowanextensionof theresultsto a tip
Machnumberof 1.20. Consequently,figure14hasbeenpreparedto include
previouslypublisheddataalongwiththemorerecentresultsintheregion
wherea fuselagemightbe located.Themsxtiumroot-mean-squsrepressures
generatedperunitpowerforthelowerharmonicstendtodecreaseandfor
thehigherharmonicstendto increasewithsn increaseintipMachnum-
ber. Thesetrendsshowninthefigureresultina “crossingover”of
thecurvesinthevicinityof tipMachnumber1.00in sucha mannerthat
therelativeverticalpositionofthecurvesinthesupersonicrangeis
thereverseofthatinthesubsonicrange.At subsonicspeeds,thepres-
sureperunitpowerisgreaterforthelowerorderfrequencies;whereas}
inthesupersonicrange,thepressureperunitpowerisrelativelygreater
forthehigherorderfrequencies.

FYessuresintheregionof thewing.-In ordertoprovidecharts
forestimatingpressuresfortheregionnew a propellerwherea wing
mightbe located,faireddatahavebeenplottedinfigure15foran x/R
valueofO.~. Thedataoffigure15applydirectlyto a pusher-
propellerconfiguration;however,theresreindications,as infme 13>
thattheseresultswillapplyapproximatelyto tractor-propellerconfigu-
rationsalso.Thesevaluesrepresentthemaximumvaluesthatwouldoccur
foranyfrequencysndtipMachnumbercombination.Thesecurveshavethe
samegeneraltrendsasthecorrespondingdataof figure14exceptthat
thelowerorderfrequencieshavethehighestpressureperunitpower
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.
throughouttheentiretipMachnmber range.of thetests.Althoughthe
dataof figure17arefora givenvalueof ‘x/R,theeffectofdistance,
at leastforthelowerorderharmonics,isindicatedby figure12.

*
Thus,

figures12and15tiybe usedtoestimatethemaximumvaluesoffree-
spacepressurethatwillbe encounteredat anyaxialdistance.Theloca-
tionofthesemsximumvalues,as shownelsewhereinthereport,willprob-
ablyoccurat y/R valueslessthan1.0exceptforsomeofthehigher

.—

orderfrequencies.

WINGPRESSURES

Previousdiscussionhasdealtwiththefree-spaceoscillating-
pressurefieldthatexistsintheregionwherea wingmightbe located.
Somedatawerealsorecordedatthesanefieldpointswitha thinwing
inthepressurefieldandtheseareshowninfigures16to19. Surface
pressuresaswellasthedifferentialpressuresacrossthewingwere
measuredatvsriousfieldpoints.Theseresiltsapplydirectlyto a
relativelythinwingfora pusherconfiguration,anditisnotknownhow
thetingthicknessaffectstheresults.

SurfacePressures

Pressuresweremeasuredonbothsurfaces
tipMachnunibersandatvariousfieldpoints.
obtainedfromwaveformsofthetypeshownin

ofthewingforvarious
Euthpeak-to-peakvalues,
figure4, androot-mean- .

.

squarevaluesofvariousharmonicsweredeterminedforpressureswhich
impingeonthewingpanels.

Peak-to-peakvalues.-Figure16presentsthepeakpositiveandpeak
negativevaluesofthepressuresontwosurfacesofa wingasa function
ofradialdistanceforvariouspropellertipMachnumbers.Peak-to-pesk
valuescanbe obtaineddirectlyfromfigure16by additionoftheposi-
tivesndnegativevalueson anygivenordinateline.Itwillbenoted
thatthesevaluesforeithersideofthewingarehigherthancorresponding
free-spacevaluesshowninfigure6. It cm alsobe seenthatthenega-
tivevaluestendtobe largerthanthepositivevaluesformostofthe
casesshownandallpressuresaregreateronthesurfaceapproachedby
thebladethanonthesurfacefrortiwhichthebladerecedes.

Harmonicanalyses.-Ratiosoftheroot-mean-squareoscil.lating-
pressuremagnitudesatthesurfacesof a th~~wingto thecorresponding
free-spacevaluesforvariousharmonicsof a two-bladepropellerare
giveninfigure17. Sinceno apperenttrend..existedasa functionof
locationof thefieldpointorofpropellertipMachnumber,thecurves

.-

of figure17wereobtainedby averagingthevaluesobtainedat stations
.

y/R= 0.75,1.00,and1.2’5forvarioustipMachnumbers.Comparedwith
—.
.
.
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.
thefree-spacevalues,thepressureson
recedesareonlyslightlyless.On the.
oppositesurfacewhichisapproachedby

13

thesurfacefromwhichtheblade
otherhand,thepressuresonthe
thebladearesomewhathigher

thanthefree-spacevaluesandthemagnitudesvaryas a functionofthe
orderofthehsmnonic,someofthehigherharmonicsbeingmorenoticeably
affected.

Sincelargedifferencesinthepressuremagnitudesweredetectedfor
oppositesidesof a wing,thedirectionofrotationappesrstobe a s@nif-
icantparsmeter.Thelsrgedifferencesinpressurelevelsnotedfor
oppositesidesofthewingwerealsofoundto existfortheopposite
directionofrotationexceptinthereversesense.Thus,itappearsthat,
incaseswherethedirectionofrotationisfixed,someadvantagecanbe
takenofthisdifferenceinpressuremagnitudes.Therefore,thecritical
surfaceswillprobablybe ontopOfthewingon onesideof theewine
nacelleandonthebottomof thewingontheothersideoftheengine
nacelle.Thesefindingsareconsistentwiththoseofreferencek where
itwasshowntheoreticallythatthedirectionofrotationissignificant
withregsrdtonoiseleve~ inairplanecabinswhenthewingblankets
partof thepressurefield.

DifferentialPressures

Thephasesndmagnitudedifferencesbetweenpulsesimpingingonthe
topandbottomsurfacesof a wingcauseanalternatingdifferentialpres-
suretoexistacrossthewing. Nearthetrailingedgeofthewingwhere

b thestructureisrelativelythin,thisdifferentialpressuremaytend
to flexthestructure.Forthisreason,wingorailerondeformationmay
be mostcriticalinthecaseof a pusherconfigurationsuchastheone

. forwhichthesedatawereobtained.

Pesk-to--peaJsvalues..Figure18showsthepeak-to-peakdifferential
pressuresacrossthewingasa functionofradialdistanceforvarious
tipMachnumbers.It canbe seenthatthepressuremagnitudesincrease
asthetipMachnumberincreasesh muchthessmemsmneras infreespace.
Themagnitudes,however,sxemuchgreaterthanforthecorrespondingfree-
spacepointsas indicatedby a comparisonofthecurvesof figures6
and18.

Harmonicsnalyses.-Figure19showstheroot-mean-squsredifferential.
pressureamplitudesas a functionof mial distanceforvarioustipMach..
numbersascomparedwithfree-spacemeasurementsatthesamefieldpoints.
Thedifferentialpressuresof fundamentalrotationalfrequencysreapproxi-
mately1.5to 2.0timesthefree-spacevalues.Althoughcompletedata
werenotobtained,thereissomeevidencethatthedifferentialpressures

. of thehigherhsrmonicsmayalsobe hrger thanthecorrespondingfree-
spacevalues.Inorderto estimatethepressurestendingto flexa wing,
thedataof figure15maybe adjustedupwardh accordancewiththeresults

a of figure19.
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CONCLUSIONS

.

.

Studiesoftheoscillatingpressureinthenearfieldof a propeller
operatingattipMachnumbersupto 1.20forstaticconditionsindicate
thefollowingconclusions:

1.Distributionsofroot-mesn-squareoscillatingpressuresmeasured
alonglinesparalJeltothepropellerplaneofrotationfora givenaxial
distancevarywidelyasa functionoftipMachnumberandorderofthe
harmonic.Themaximumvaluesofpressureoccurinbosrdofthepropeller
tipsforthefundamentalfrequencyofa two-bladepropeller;whereas,for
thehigherorderhsrmonics,theyoccurnea.thepropellertipandinsome
casesoutboardofthetip. Themaxinnunmeasuredvaluesdecreaserapidly
andtendtomoveoutboardastheaxialdistanceisincreased.

2.Themaximumroot-mesm-squarepressuresgeneratedperunitpower
forthelowerharmonicstendtodecreaseandforthehigherharmonics
tendto increasewithan increaseintipMachnumber.Intheregionout-
boardofthepropellertips,someofthehigherharmonicshavea greater
smplitudethantheloweronesatsupersonictipspeeds;whereas,inthe
regioninboardofthepropellertips,thelowerharmonicshavethegreat-
estamplitudesatalltipMachnumbersupto1.20.

3. Peak-to-peakpressuremagnitudesaregreatestatradialstations
nearthepropellertipsandincreaserapidlyasa functionoftipMach
numiber.

4.ThetheoryofNACAReport996forpredictingtheoscillating-
pressurefieldofa propellerintheregionoutboardofthetipsfortip
Machnumbersupto 1.00isalsofoundadequateforcalculationsinboard
ofthepropellertipsandfortipMachnumbersup to 1.20. Calculations
fortheinboardregionwerefoundtoberathersensitivetotheassumed
locationof steadyforcesontheblades.

~.Whentheassmnptionismadethatallsteadyforcesareconcen-
tratedata singleeffectiveradius,themsximumpressurescanbe esti-
matedfairlywellbuttheradialpressuredistributionswe somewhat
distorted.Ifmoredetailedinformationconcerningthedistributionof
thesepressuresisdesired,a morecumbersomemethodof calculationwhich
hasgivenexcellentresultsby useoftorqueandthrustforcesdistributed
alongtheblademaybe used. .

6.Differentialpressuresmeasuredacrossa thinwingaregenerally
greaterthanthefree-spacevaluesat correspondingfieldpoints.

7. Thedirectionofrotationissignificantwithregardtothe
Witudes ofwingsurfacepressures.Pressuremagnitudeshigherthsm

—

.

.
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.

free-spacevaluessremeasuredon surfaceswhichthebladeapproaches;
whereasvalueslowerthsnfree-spaceialueswe measuredonthesurface.
fromwhichthebladerecedes.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,April15,1934.
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(a) ~ = 9.8lb/sqft.

McAm 3202
.

.

(b)~ =98lb/sq ft.

(c)~ =980lb/sq ft.
Figure4.-Ssmplepressurewaveforms.(Theroot-mean-squarepressure

smp13tudesofsomeoftheharmonicsaregivenintableI.)
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Figure6.-Free-spacepeak-t.o-ye~pressures..fora two-bladepropeller
as a functionofrsdialdistanceforvarioustipMachnuniiers.
x/R= 0.50.
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Figure7.-Free-spaceroot-mean-sqwxeoscillatingpressuremnpldtude
asa functionofrallaldistanceforthreehaxmonicsofa two-blade
propeller.Xfi= O.&; D = 3.5ft;~ = 1.10;@ = 0.056.
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Peak-to-peakdifferentialpressuresfora two-bladepropeller .
acrossa thinwingas a functionofradialdistanceforvarious
nunbers.x/R= O.~O;D = 5.92 ft.
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(a) Differentialpressures. (b) Free-spacepressures.

Figure 19.- Comparisonof the differentialroot-mean-squarepressures across a tbln wing with the free-
space values at the same field points for the fundsmental frequencyof a two-bladepropeller. U
D = 5.92 ft; X/R = 0.50.
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